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The Chemistry of Heterocyclic Compounds 

The chemistry of heterocyclic compounds is one of the most complex 
branches of organic chemistry. It is equally interesting for its theoretical 
implications, for the diversity of its synthetic procedures, and for the physio- 
logical and industrial significance of heterocyclic compounds. 

A field of such importance and intrinsic difficulty should be made as 
readily accessible as possible, and the lack of a modern detailed and compre- 
hensive presentation of heterocyclic chemistry is therefore keenly felt. It is 
the intention of the present series to fill this gap by expert presentations of 
the various branches of heterocyclic chemistry. The subdivisions have been 
designed to cover the field in its entirety by monographs which reflect the 
importance and the interrelations of the various compounds, and accommo- 
date the specific interests of the authors. 

In order to continue to make heterocyclic chemistry as readily accessible 
as possible, new editions are planned for those areas where the respective 
volumes in the first edition have become obsolete by overwhelming progress. 
If, however, the changes are not too great so that the first editions can be 
brought up-to-date by supplementary volumes, supplements to the respec- 
tive volumes will be published in the first edition. 

ARNOLD WEISSBERGER 
Research Laboratories 
Enstmun Koduk Company 
Rochester, New York 

EDWARD C. TAYLOR 
Princeton Unicersity 
Princeton, New Jersey 
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Preface 

In 1954 “Heterocyclic Compounds with Indole and Carbazole Systems” 
was published as the eighth volume in the series The Chemistry of Hetero- 
cyclic Compounds. This text, edited and written by Profs. Ward C. Sumpter 
and F. M. Miller, summarized in a highly condensed form the literature on 
these topics through 1952. Since this time a large amount of new information 
relating to indoles and carbazole systems has been published. In order to 
make this new material available to the users of this Series and to widen the 
scope of Volume 8 it was decided to replace the earlier treatment by a more 
comprehensive and detailed presentation of indole chemistry. In addition 
the carbazole systems will be expanded to include condensed indoles, and 
isoindoles and condensed isoindoles will be added as part of the new enlarged 
coverage. 

The material on indoles has been broken up into the three parts given on 
the Contents page. For organization of this subject matter the editor has 
borrowed heavily on the successful approach used by Dr. Erwin Klingsberg 
in preparing Volume 14 on Pyridine Chemistry in this Series. 

Indoles Part One contains a broad coverage of the physical and chemical 
properties of this ring system together with general and specific methods for 
preparing an indole nucleus. It was assembled to provide the frequent user 
of indole chemistry a source of unified data and the beginner a framework 
of basic knowledge. Indoles Parts Two and Three will supply the detailed 
coverage that will allow this work to become a useful reference source. 

The editor is grateful to Dr. Albert J. Frey, President, Sandoz-Wander, 
Inc. for allowing him free access to the excellent library and supporting 
facilities that are available in the Research and Development Division. 

Honover, New Jersey 
WILLIAM J. HOULIHAN 
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1. Introduction 

A. Structures and Numbering 

Indole (1) is the commonly used name for the benzopyrrole in which the 
benzene ring is fused to the 2- and 3-positions of the pyrrole ring. Fusion at 
the 3- and 4-pyrrole positions gives isoindole (2). These two benzopyrroles 
and their simpler derivatives and hydrogenation products are the subjects 
of this chapter. A third benzopyrrole, with ring fusion involving the pyrrole 
nitrogen, known as pyrrocoline, has been treated in the volume on hetero- 
cyclic compounds with bridgehead nitrogen.' Numbering of the atoms in 

I 

H 
1 2 
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indole and isoindole begins with the atom next to the ring junction in the 
pyrrole ring and proceeds around the nucleus as shown in 1 and 2. 

B. General Considerations 

Isoindole itself has not been isolated, but its existence has been shown by 
trapping with dienophiles.2 A number of substituted isoindoles are known, 
the simplest of which is N-methylisoindole. 

Both indoles and isoindoles have ten n-electrons free to circulate through- 
out the molecules. Two of these electrons originate from the nitrogen atom. 
That these molecules are aromatic is shown by the effect of their ring currents 
in nmr spectra, appreciable resonance energy of 47 kcal/mol for indole3 
and 50 kcal/mol (calculated) for is~indole,~ and their behavior in chemical 
reactions such as halogenation (Section IV.C.2). They belong to the group of 
heterocycles designated n-excessive heteroar~matics,~ which means that the 
n-electron densities on their carbon atoms is greater than that on the carbon 
atoms of benzene. 

As anticipated for n-excessive compounds, both indoles and isoindoles are 
highly reactive toward electrophilic reagents, including acids and certain 
oxidants. They are protonated by strong acids, which in some cases results in 
dimerization or polymerization. However, indoles appear to have appreciable 
stability in concentrated acids where they are completely protonated.6 

N-Substituted isoindoles are appreciably more stable toward heat and air 
oxidation than their N-unsubstituted counterparts. It is thought4 that the 
source of instability for the latter type is the isoindolenine tautomers with 
which they are in equilibrium (Section 1I.H). 

Indoles give many of the same electrophilic substitution reactions as does 
pyrrole, but in indole C(s) is the preferred site. Isoindoles are able to act as 
dienes in Diels-Alder reactions, but indoles lack this property. 

The N H  group of indoles (and presumably isoindoles) is relatively acidic 
(pK, = 17) and forms the anion in the presence of strong bases.' Although 
the electron pair of this anion is orthogonal to the n-system, it nevertheless 
increases reactivity at C(3b toward electrophiles. As a consequence, the indolyl 
anion has ambident properties in alkylation and acylation reactions. 

The 2,3-dihydro derivative (3) of indole is known as indoline. Indoline has 
most of the properties and reactions typical of an alkylaniline. 

Indoles oxygenated at the 2 and at the 3 positions are commonly named 
oxindole and indoxyl, respectively. These compounds exist in the carbonyl 
forms 4 and 5, rather than in the tautomeric hydroxypyrrole forms. They give 
many reactions typical of carbonyl compounds, although under certain 



Properties and Reactions of lndoles 5 

conditions they react as the tautomers. For example, both oxindole and 
indoxyl undergo condensations at the active methylene groups adjacent to 
their carbonyl groups. Indoxyl reacts as the tautomeric hydroxypyrrole in 
forming an 0-acetyl derivative. Isatin (6) is indole-2,3-dione, and it exists 
completely in the dicarbonyl form (Section 1I.H). The 3-carbonyl group of 
isatin is more reactive than the 2-carbonyl group toward nucleophiles. 
3-Hydroxyoxindole (7) is commonly known as dioxindole. 

OK7 a() wo I 
H 

I 
H 

I 
H 

3 4 5 

xi 
6 

H 
7 

Phthalimidine (S), the equivalent of oxindole in the isoindole series, 
behaves as a weak secondary base, resembling an N-alkylacetamide in its 
reactions. The corresponding dione is phthalimide (9).  This imide is a weak 
acid due to considerable delocalization of charge in the anion formed by 
removal of its N H  proton. 

The indole tautomer in which a hydrogen has moved from nitrogen to C(3j 
is named indolenine (more properly 3H-indolenine). Indolenine itself (10) 
is unstable with respect to indole; however, 3,3-disubstituted indoles possess 
indolenine structures. In these indolenines the nitrogen atom has an unshared 
pair of electrons which imparts basic properties to the molecules.* They 
readily form acid-addition salts and react with methyl iodide to give quaternary 
salts.s 

@:-" 
L q - I  8 0 9 0 
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C. Historical 

The development of indole chemistry began in the mid-nineteenth century 
with intensive research on the dye indigo. This dye had been highly valued 
since ancient times, but meaningful investigations of its chemistry had to 
await the establishment of a structural theory of organic chemistry.1° 

In 1841 indigo was oxidized to isatin by nitric acid," and in 1866 isatin 
was reduced to dioxindole and oxindole.lZ Later in 1866 Baeyer prepared the 
parent substance, indole, by zinc dust pyrolysis of ~xindole.'~ He proposed 
the presently accepted formula of indole in 1869.14 Reductive cyclization of 
2-nitrophenylacetic acid to oxindole in 1878 provided the first synthesis of an 
indole derivative.15 

Indole chemistry continued to be important in the dyestuff industry until 
the beginning of the twentieth century when newer dyes supplanted the 
indoles. A brief decline in indole research then occurred, but in the 1930s the 
discovery that many alkaloids contain the indole nucleus led to a notable 
revival.16 During this period recognition of the essential amino acid, trypto- 
phan," and the plant growth hormone, heteroauxin,'* as indole derivatives 
added stimulus to this research. Many important methods of indole synthesis 
were developed in order to prepare these substances and their analogs. 

In more recent years indoles have achieved increased significance in 
medicinal chemistry. The identification of serotonin (5-hydroxytryptamine) 
as a metabolite important in brain biochemistry18 and the discovery of the 
psychotomimetic indoles psilocin and psilocybinZo have led to extensive 
investigations of tryptamine derivatives. Several potential central nervous 
system depressants have resulted from these investigations. A valuable anti- 
inflammatory agent was found in I-p-chlorobenzoyl-5-methoxy-2-methyl- 
indole-3-acetic acid.21 The thiosemicarbazone of 1-methylisatin showed 
promising antiviral activity.22 Several important pigments including the 
melaninsz3 and adrenochromesz4 were found to be indole derivatives which 
resulted from oxidative cyclization of oxygenated phenethylamines. 

Significant advances in understanding the properties of indoles have been 
brought about by recent breakthroughs in instrumentation. Nuclear magnetic 
resonance and mass spectrometry have been added to infrared and ultraviolet 
spectroscopy as valuable methods for structure determination, including 
subtle aspects of tautomerism and stereochemistry. Fluorescence and phos- 
phorescence are now easily measured and interpreted. Molecular orbital 
theory has been applied to indoles, enabling both their properties and 
reactions to be better understood and in some cases predicted. Finally, the 
continually increasing knowledge of reaction mechanisms and the intro- 
duction of radioisotopes into the study of mechanisms have allowed 
reinterpretation of a number of indole transformations. 
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In this chapter particular emphasis will be placed on the application of 
recently developed physical methods and theoretical approaches to the 
description of the properties and reactions of indoles. 

11. Physical Properties 

A. X-Ray crystallography 

The crystal structures of 1 : 1 complexes of indole and of 3-methylindole 
with 1,3,5-trinitrobenzene have been determined by X-ray analyses.25 In both 
cases it was observed that the constituent molecules overlap with average 
interplanar spacing of 3.30 A, and the relative orientations suggested decisive 
attraction between the indole or 3-methylindole nitrogen atom and a non- 
substituted carbon position of 1,3,5-trinitrobenzene. The indole complex 
was disordered, with two alternative orientations found. 

Both the indole and 3-methylindole molecules are planar. The bond 
lengthsand angles for 3-methylindole in the complex are depicted in 11 and 12 

1.42 

108 

I I  

bond lengths (A) in 
3-methylindole 

12 

bond angles in 
3-methylindole 

Indole-3-acetic acid has also been examined by X-ray crystallography.*8 
The molecules were found to exist as dimers, hydrogen bonded between the 
carboxylic acid groups. Hydrogen bonding was not observed for the indole 
NH. Two planes, one through the indole nucleus and the other through the 
carboxyl group, at a dihedral angle of 62"52' to each other, characterized 
the molecular structure. High precision bond lengths and angles for this 
molecule are given in 13 and 14. 

Bond lengths and angles for the indole nucleus as determined from 
indole-3-acetic acid and from the skatole complex are in good agreement. 
They show the six-membered ring of indole to have geometry which is reason- 
able for a fully aromatic ring. The pyrrole ring is rather distorted from a 
regular pentagon, with the 2,3 bond showing more double bond character 
and the 3,3a bond showing more single bond character than the corresponding 
bonds in pyrrole. Conjugation through the nitrogen atom is indicated by the 
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1.298 0 
1.511 

1.407 

13 
bond lengths (.A) in 
indole-3-acetic acid 

14 

bond angles in 
indole-3-acetic acid 

lengths of the two C-N bonds, which are shorter than normal C-N single 
bonds. 

X-Ray crystallographic determination of the isatin structure showed that it 
is a nearly planar molecule existing almost entirely in the dione form.2i 
The benzene ring geometry is little distorted from that of benzene itself. In 
the crystal, isatin moIecules are linked in pairs across a symmetry center by 
two hydrogen bonds of 2.93 A length. These bonds are formed between the 
2-oxygen and the N H  hydrogen. 

1.39 _--;:--r-1 1.3; 122 111 

125 
1.35 

i.sn N 1.3ti 
1.3i 

118 
15 16 

isatin isatin 
bond lengths (A) in bond angles in 

B. Dipole Moments 

The dipole moment of indole is 2.38 D in dioxane at 25°.28 In benzene it is 
2.1 1 D at 25" 29 and 2.05 D at 20". The moment in dioxane was resolved into a 
n moment of 2.15 D at an angle of 40" with the internal bisector of the CNC 
angle and a u moment of 0.45 D directed from H to N. The latter moment 
was estimated to be lowered about 0.3 D due to the effect of dioxane.28 A 
calculated n moment for indoleZg is in reasonable agreement with the 
experimental values given above. 
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Dipole moments of 2.08 and 3.05 D were found for 3-methylindole and 
2,3-dimethylindole, respectively, in benzene.30 From the series of 4-, 5-, 6-, 
and 7-nitro-2,3-dimethylindoles, having moments of 6.56, 7.37, 6.58, and 
4.00 D, respectively, it was concluded that the interaction between the nitro 
and imino groups was small, with the effect of the imino group largely con- 
fined to the pyrrole ring. The 7-N02 group is in the plane of the indole nucleus 
and is probably hydrogen bonded to the NH.30 

The relatively high dipole moment of isatin, 5.72 D at 20" in dioxane, was 
considered important evidence for the existence of this compound in the 
dicarbonyl form.31 

Excited-state dipole moments of 5.6 D for indole and 8.5 D for tryptophan 
were determined from temperature changes of the absorption and fluorescence 
spectra.32 

C. Melting Points and Boiling Points 

Crystallinity of compounds is dependent upon, among other factors, 
shape, symmetry, and polarity. Indole is flat and moderately polar (dipole 
moment of 2.38 D), but it has a low order of symmetry. It has a melting 
point of 52-54"C, which is somewhat lower than that of the more symmetrical, 
but less polar naphthalene (80-81'), but higher than that of the less polar, 
unsymmetrical indene (-5 to -3"). 

Indoline has a 5-membered ring which is not planar. The molecules are 
less able to pack closely than are molecules of indole, consequently indoline 
is a liquid at  room temperature. 

Substitution of indole with small groups which do not significantly change 
the polarity or introduce intermolecular hydrogen bonding does not greatly 
increase the melting point. For example, 2-methylindole melts at 58-60', 
5-methoxyindole at 56-58', and 5-chloroindole at 69-71". In contrast, 
substituents that engage in strong intermolecular hydrogen bonding afford 
much higher melting points. Thus indole-3-carboxaldehyde and indole-3- 
carboxylic acid melt at 198-199 and 235-236", respectively. Smaller increases 
in melting point are obtained with substituents such as 5-hydroxy and 5-amino 
which give weaker hydrogen bonds. Their melting points, 107-108 and 
131-133', respectively, are nonetheless higher than that of 5-chloroindole. 

The isomeric acetylindoles show a wide range of melting points, which may 
be partly explained by differences in polarity and hydrogen bonding among 
the isomers. A melting point of 74-76" for 5-acetylindole is not greatly 
different from that of indole and indicates only small interaction between the 
substituent and indole NH. 3-Acetylindole, with a much higher melting 
point of 188-192", is known from infrared studies to be strongly hydrogen 



10 Chapter I 

TABLE I. Melting Points of Selected Indoles 

Compound Melting point ("C) 

Indole 
2-Methylindole 
3-Methylindole 
5-Methylindole 
5-Aminoindole 
5-Chlorindole 
5-Hydroxyindole 
3-Acety lindole 
5-Acetylindole 
Isatin 
Indoxyl 
Oxindole 
Indole-3-car boxaldehyde 
Indole-3-carboxylic acid 
Indole-3-propionic acid 
Indole-3-acrylic acid 
2-Phenylindole 
2.3-Diphenylindole 

52-54 
58-60 
97-98 
59-60 

131-133 
69-71 

107-108 
188-1 92 
74-76 

201-203 
125-127 

85 
198-199 
235-236 

85.5 
185 (dec) 
186-1 88 
124-125 

bonded. The carbonyl group of this molecule is in direct conjugation with 
the nitrogen and is therefore highly polarized. Hydrogen bonding is not 
possible in 1-acetylindole. Furthermore, the N-CO dipole is opposed to the 
indole dipole. This combination of factors helps to make 1-acetylindole a 
liquid. 

Differences in the extent of hydrogen bonding are also evident in the series 
isatin, oxindole, indoxyl, which melt at 201-203, 125-127, and 85", 
respectively. 

Extending the length of side-chain carboxylic acid derivatives of indole 
results in a decrease in melting point, due to the high entropy needed to fix 
the chains in the crystal. Thus indole-3-carboxylic acid melts at 235-236", 
indole-$acetic acid has a melting point of 165-169", and indole-3-propionic 
acid melts as low as 85.5-88". The less flexible chain of indole-3-acrylic acid 
affords melting with decomposition at 185". 

TABLE 11. Boiling Points of Selected Indoles 

Compound Boiling point ("C) 

Indole 254 
Indoline 220-221 
2-Methylindoline 228-229 
1 -Methylindole 101-103 ( 5  mm) 
1-Acetylindole 153 (14 mm) 
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Quinolhe4carboxylate, ethyl,5,8dihy- Skatole, see 3-Methytindole 

methyl-, 468 
2chloro-3( 2-hydroxyethyl)4-me thyl-, 

468 
Pyrido[3,4-b 1 indole, 1 -keto-l,2,3,4-tetra- 

hydro-9H-, 240 
Pynole, 1-methyl-, 512 

production of, 5 I3 
Pynole-2,3,4,5-tetracarboxylate, tetrameth- 

yl,lphenyl-, 514 
A’ -Pynoline, 1,2dimethyl-, 504 

2ethyl-lmethyl-, 505 
Pynoline-2-one, 3-amino-4-(o-aminophenyl). 

Pyrrolo( 2,4-b] Indole-3(2H)-one, 3a-amino- 

Pyrrole[ 2,3-b] pyridine, 2,3diphenyl-, 259 
Pyruvic, acid, arylhydrazones, 252 

p-benzyloxyphenylhydrazone of ethyl 

chlorophenylhydrazones of, 25 2 

l-cyclohexyl-3-, 269,270 

8b-benzyl-l,3a,4,8b-tetrahydro-. 278 

ester, 250, 251 

2,6dimethylphenylhydrazone of ethyl 

o-methylphenylhydrazone of ethyl ester, 
ester, 278-280,291 

302 

Quinoline, 4-acetyl-, 507 
3-amind-hydroxy-, 521 
5.6-benz-3-hydroxy-l,2,3,4-tetrahydro-, 

7,8-benz-3-hydroxyl- 1,2,3,4-tetrahydro-, 

4,6dimethyI-3-hydroxy-l,2,3,4-tetrahy- 

4-formyl-2-hydroxy-. 507 

4-hydroxy-3quinoline diazonium chlo- 

3-hydroxypyrrolo[3’,2’1’-ij] quinoline-2- 

3-hydroxy-l,2,3,4-tetrahydro-, 5 35 
6-hydroxy-l,2,3,4-tetrahydro-, 495 
3hydroxy-6-methoxy-l,2,3,4-tetrahydro-, 

3-hydroxy-8-methoxy-1,2,3,4-tetrahydro-, 

3-hydroxy-8nethyl-l,2,3,4-tetrahydro-, 

4-(phenylcyanomethyl)-, 507 
4 4  2‘-pyridylcyanomethyI)-, 507 

495 

495 

dro-, 535 

~ - ~ Y & o x Y - ,  459 

ride, 421 

one, 271 

535 

5 35 

5 35 

droxy-l,3dimethyliso-, 423 
Quinoline-l-oxide, 2-amino4cyano-3-phen- 

Quinoline 3,4quinone-3diazide, 52 1 
yl-, 521 

2-Quinolone, 3carbethoxy4cyano-1-hy- 
droxy-, 525,526 

3-methoxy4-methyl-, 398 
o-Quinone diazides, conversion to indoles 

p-Quinone diimide adducts, cyclization to 5-  
by light irradiation, 5 2 1 

aminoindoles, 498-504 
mechanism of cyclization, 502 
table of adducts which have been convert- 

ed to 5-aminoindoles, 500 

Rearrangements, benzylic-type, 136 
pinacol-type, 136 
pinacolone-type, 138 
Plancher, 136,143 
retropinacol-type, 139 
Wagner-Meerwein, 139 

C-alkylation of o-nitrophenylpyruvic acids 
Reissert indole synthesis, 3964  13 

or esters, 398 
formation of 0-nitrophenylpyruvic acids 

or their ethyl esters, bimolecular 
condensation byproducts in, 402- 
404 

catalysts and reaction canditions for, 

mechanism of condensation, 403408 
similarity to the Claisen condensation, 

steric hindrance to condensation, 400- 

table of o-nitrophenylpyruvic acids or 

391,406 

403 

401 

their esters, 409 
reductive cyclization of o-nitrophenyl- 

pyruvic acids or their ethyl esters, 
reducing agents, 397,398 

use in the preparation, of aryl ring-substi- 
tuted indoles, 398 

of 3-substituted indoles, 398 
Ring expansion, of indole pynole ring, 189- 

Rosindole, synthesis of, 13 1 
191 

Semicarbazide, N-phenylthio, ”N, 270 
Serotonin, 458459 
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Sodium-ammonia reduction of, indole and 
derivatives, 166-168 

Solubility, indole and derivatives, 11 
Spiroindolenine, Wagner-Meerwein rearr- 

angement of, 141 
Spire[ indolenine-3',1'cycloheptanej -2car- 

boxanilide, 5 18 
Spiro [ indolenine-3,1 'cyclohexane ] -2-car- 

boxanilide, 5 18 
Stereochemistry, of indoles, 47 

of octahydroindoles, 48 
Stilbene, 4,4'dinitro-, 403 
Stolle reaction, 474 
Sulfonation, indole and derivatives, 86-87 
Sulfur nonochloride, reaction with indoles, 

Styrene, o-amino-, 536 
5-chloro-2Jdinitro-, 481 
2Jdiamino-, 479 
2Jdinitro-, 479 
ZJdinitrostyrenes, 479,484 

88-89 

preparation of, 480 
reduction to indoles, 479,481-482 

fluorine substituted-2pdinitrostyrenes, 

a-(N-methylanilin0)-, 470 
@-nitro-, nitration of, 480 
3,4,5-trimethoxy2Jdinitro-, 48 1 

0-methyl-, 522 

482 

0-Styrylazide, cis- and trans-, 52 I 

0-Styrylazides, conversion by pyrolysis to 

0-Styrylnitrenes. 522 
Succinaldehydic acid, p-benzyloxyphenyl- 

indoles, 521-522 

hydrazone, 252,253 
p-methoxyphenylhydrazone, 252 
phenylhydrazone, 252 

Succinic acid, aceto, diethyl ester, 243 
o-nitrophenyl-, 527 

Tautomerism, indole and derivatives, 48-5 1 
1,2,3,4-Tetrahydrocarbazole, 234, 256, 265, 

368 
N-acetyl-, 265 
8-alkyl-, 283 
6-amino-, 500 
5-amino-6thloro-9-methyl-, 28 1 
6-amino-2,2dimethyl-4-keto-, 503 
6-amino-3-methyl-, 500 
3,4-benz-, 309 

7,8-benz-6-chloro-, 291 
6-bromo-, 369 
1-t-butyl-, 307, 308 
I-carbethoxy-, 337 
4-carbethoxy-9-methyL. 337, 375 
6-carbomethoxy-, 369 
8-carbomethoxy-, 369 

5-carboxy-2,2dimethy1-6-hydroxy4-keto-, 
424 

6-chloro-, 369 
7-chloro-, 369 
8-chloro-, 249, 281,290, 296 
8chlorod-methyl-, 290 
6thloro-2-methyl- 1 -0xo-, 24 3 
lgcyanoethyl-, 307,308 
8,9dialkyl-, 283 
6,8dichloro-, 291 
dinitro-, 249 
6,7dimethoxy-, 366 
1,8dimethyl-, 289 
5,8dimethyl-, 367 
6,7dimethyl-, 367, 370 
ldimethylaminomethyl-, 307 
6ethoxy-, 367 

5-hydroxy-, 369 
6-hydroxy-, 249,291,296 
7hydroxy-, 365,369 
1-keto-, 239 
6-methoxy-, 367 
8-methoxy-, 292 
1-methyl-, 256, 307 
5-methyl-, 371 
6-methyl-, 334 
7-methyl-, 371 
9-methyl-, 375 
nitro-, 249 
6-nitro-, 260, 274 
oxidation of, 146,155,159 
reduction of, 164 
7-substituted-, 371 
1,8,9-trimethyl-, 287, 288 
6,7,8-trimethyl-, 297 

7carboxy-, 369,371 

lethyl-, 307 

1,2,3,4-TetrahydrocarbazoIenine, 4a-t-butyl-, 
306 

4a-@-cyanoethyI)-, 306 
8,1 ldimethyl-, 289 
4adimethylaminomethyl-, 306 
4aethyl-, 256, 307 
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4a-methyl-, 256,307 
4,5,6,7-Tetrahydroindole, 1 -benzyl-rl-oxo. 

I19 
from indole, 166 

of, 161 

12-hydroxy-, 291 

Tetrahydroindoles, 44x0, dehydrogenation 

1,2.3 ,4-TetrahydroisocarbazoleI S-chloro- 

6,8dibromo-l2-hydroxy-, 290 
6,8dichloro-12-hydroxy-, 290,291,297 
12-hydroxy-, 249, 290, 291 
12-hydroxy-7,8-benzo-, 291 
12-hydroxy-7-methyl-, 290 
12-methoxy-, 282 
6,8,12-trimethyl-, 297,299 

Tetrahydronaphthalene, 247 
3a,4,7,7a-Tetrahydre2-phenyI-3a-Sdimeth- 

yl (3H)pseudoindolone-4, 297 
I-Tetralone, p-benzyl-, phenylhydrazone, 

278,279 
2-Tetralone, phenylhydrazone, 309 
Thermal indolization of arylhydrazones, 

259 
for acid sensitive indoles, 259 
for pyridyl hydrazones. 259 
solvents for, 259 

indole-2-carboxylic acid, 88 
Thiocyanogen, reaction with, indole, 88-89 

Thionylchloride, reaction with indoles, 87- 
88 

Thiophene, 2,3diethoxycarbonyl-4,5,6,7- 
tetrafluorobenzIb1-, 522 

Thrombocytin, 458 
Toluene, 2-acetamino-4,5diacetoxy-, 387 

2-acetamin~Jdibenzyloxy-. 387 
2-min04,5dihydroxy-, 387 
4-benzyloxy-2-nitro-, reaction with diethyl 

benzylthio-2-nitre. reaction with diethyl 

4-cyane2-nitro-, reaction with diethyl 

2,4dinitre, reaction with diethyl oxalate, 

2-formamido4.5dibenzyloxy-, 387 
6-rnethoxy-2-nitro-, reaction with diethyl 

o-nitro-, reaction with diethyl oxalate, 

rn-nitro-, failure to react with diethyl 

oxalate, 402 

oxalate, 398 

oxalate, 402 

402 

oxalate, 397 

396 

oxalate, 403 

396,403 

diethyl oxalate, 409 

p-nitro-, reaction with diethyl oxalate, 

table of o-nitrotoluenes condensed with 

Toluidide, o-aceto-. 385,386 
5n-amyl-o-forme, 389 
o-benze, 385 
p-benzyloxy-o-formo-, 387 
bis-o-toluidides of dibasic acids, 386 
bis-p-methoxy-o-toluidides of dibasic 

acids, 387 
o-butyro-, 386 
o-dimethylaminoacete-, 387 
o-(crdimethylaminoT-phenoxy)bu tyro-, 

386 
o-formo-, 386 
o-formo-p-methoxy-, 387 
o-formo-N-methyl-, 386 
o-p-methylbutyro-, 386 
o-oxalyi-, 386 
malonyl di-o-, 386 

dimethyla-, and p-, 536 
N-methyl+, 536 

o-Toluquinone, 430 
p-Toluquinone, 434 
N-o-Tolybenzamidines, 528 

Triindolylphosphines, 134-1 35 
Tryptamine, 5-benzyloxy-, 246, 247 

Toluidine, N-benzylidene-o-, 492 

p~rro-, 319 

conversion to 2-phenytindoles, 528-529 

4,7dihydre, quaternary salts of, 168 
N,N-dimethyl-5-methoxy, 129 
fluorescence of, 29 
Grignard reagent of, 193 
5-mercapto-, 25 1 
preparation by, Bischler reactions, 31 8 

Fischer reactions, 240,241 
indole-3glyoxalylamide reduction, 198 

substituted, 240, 241 
Tryptophan, N-chloroacety, photocycliza- 

tion of, 18 1 
4,7dihydro-, 168 
excited state dipole moment of, 19 
Fenton reactions of, 180 
fluoresence of, 29 
5-hydroxy, 180 
mass spectrum of, 45 
molecular complex of, 52 
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nitration of, 80 
preparation by the Japp-Klingemann reac- 

tion, 240 
preparation with sulfuric acid catalyst, 248 

reduction, lithium-methanol-ammonia, 

photolytic sodium borohydride, 169 
168 

45,6,7-tetrahydro, 168 

Grignard reagent from, 193 
tosylate of, 131 

Trypthopol, 13 1 

Tyramine, 444 
Tyrosinate, ethyl or methyl, 461 
Tyrosine, 436,459 

biogene tic conversion to hydroxyindoles, 

N-methyl-, 446 
459-460 

Ultraviolet spectroscopy, indole and deriva- 

Urea, 1-[ 3-nitro4-(Pchloroethyl)phenyIsul- 

1-[ 3-nitro-4-(B-chloroethyl)phenylsulfo- 

tives, 19-24 

fonyl] -3-butyl-, 467 

nyl] -3-cyclohexyl-, 467 

Valeric acid, &formyl-, 25 1 
Vilsrneier-Haack reaction, 116-1 19 

X-ray crystallography, indole and deriva- 
tives, 7-9 

Xylene, 4-nitro-m-, 397 
rn-4-Xylidines, acylated, 386 
&2,4-Xyly$ropionic acid, 386 
2,4-Xylylsuccinamic acid, 386 


